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Description 

Background of the Invention 

[0001] The rolling-bearing unit with rotating speed 
(rpm) detection device of this invention supports a vehi- 
cle wheel so that it rotates freely with respect to the sus- 
pension, as well as is used for detecting the rpm of the 
wheel. 

Description of the Related Art 

[0002] Priortothis invention, rolling-bearing units with 
rotating speed (rpm) detection device of various con- 
struction, which have been used for supporting a vehicle 
wheel so that it rotates freely with respect to the suspen- 
sion, as well as detect the rotating speed (rpm) of the 
wheel in order to control an anti-lock brake system 
(ABS) or traction control system (TCS), have been 
known in the art. 

[0003] All of the rpm detection devices built into roll- 
ing-bearing units with rpm detection device as men- 
tioned above have had a tone wheel which rotates with 
the vehicle wheel, and a sensor which outputs a signal 
that is proportional to the rpm of the tone wheel. 
[0004] Various forms of tone wheels and sensors 
have been used in the past. Of these, a so-called pas- 
sive-type detection device using a tone wheel made of 
magnetic material so as to generate a change in voltage 
in the coil of a sensor as the tone wheel rotates has been 
widely used because it does not use expensive compo- 
nents. 

[0005] Also, passive-type rpm detection devices, 
which use a circular or annular sensor to increase the 
output of the sensor, such as described in European pat- 
ent No. 0 426 298 A1 or the have been used in the past. 
[0006] Figs. 14 and 15 show the rolling-bearing unit 
with rpm detector according to the preamble of claim 1 
and described in the HATSUMEI KYOKAI KOKAI Tech- 
nical Report No. 94-16051. Around the outer peripheral 
surface of the axially outside end portion of the hub 1 
(the "outside end" is the end facing toward the outside 
of the vehicle when assembled, the left side in the fig- 
ures) there is a flange section 2 for attaching the vehicle 
wheel, and around the outer peripheral surface of the 
axially mid-section of the hub 1, there is an inner-ring 
raceway 3a and step section 4. Moreover, around the 
outer peripheral surface of the axially inside end portion 
of the hub 1 there is an inner-ring member 5 that forms 
an inner-ring raceway 3b around its outer peripheral sur- 
face, and that is supported by the hub 1 with its axially 
outside end in contact with the stepped section 4. 
[0007] Instead of being formed directly around the 
outer peripheral surface of the hub 1, the aforemen- 
tioned inner-ring raceway 3a may also be formed 
around another inner-ring member (not shown in the fig- 
ure) that is separate from the hub 1, so that this inner- 
ring member and the inner-ring member 5 are fitted 


around the outer peripheral surface of the hub 1 . 
[0008] On the axially inside end portion of the hub 1 
there is a male screw section 6 (the "inside end" is the 
end facing toward the center of the vehicle when assem- 
s bled, right side in the figures). By fastening a nut 7 
around this screw section 6, the aforementioned inner- 
ring member 5 is attached to a prescribed location 
around the outer peripheral surface of the hub 1 forming 
an inner ring assembly. 
10 [0009] There is an outer ring member 8 around the 
hub 1. Around the outer surface of the axially mid-sec- 
tion of the outer-ring member 8, there is an installation 
section 9 for fastening the outer-ring member 8 to the 
suspension device. 
1$ [0010] On the inner peripheral surface of this outer- 
ring member 8 are outer-ring raceways 1 0a and 1 0b that 
are faced to the aforementioned inner-ring raceways 3a 
and 3b, respectively. Between both the inner-ring race- 
ways 3a and 3b and outer-ring raceways 10a and 10b 
are multiple rolling bodies 11 that make it possible for 
the hub 1 on the inside of the outer-ring member 8 to 
rotate freely. 

[0011] In the example shown in the figure, balls are 
used for the rolling bodies 11 , however, for hub units of 
vehicles carrying heavy loads, tapered rollers may be 
used as the rolling bodies. 

[0012] There is a space formed for accommodating 
the rolling bodies 11 between the inner peripheral sur- 
face of the outer-ring member 8 and the outer peripheral 
surface of the hub 1. 

[001 3] Moreover, there is a sealing ring 1 2 that is fitted 
between the inner peripheral surface on the axially out- 
side end of the outer-ring member 8 and the outer pe- 
ripheral surface of the hub 1 , so as to cover the opening 
on the axially outside end of the space. 
[0014] On the inside end peripheral of the aforemen- 
tioned inner-ring member 5, there is a tone wheel 13, 
whose base (left end in Figs. 14 and 15) is fitted around 
a portion axially inward from the inner-ring raceway 3b. 
[0015] This tone wheel 1 3 is made of magnetic metal 
plate such as steel, and is entirely annular or cylindrical. 
This tone wheel 13 comprises a smaller-diameter sec- 
tion 1 4, a larger-diameter section 1 5 and a stepped sec- 
tion 1 6 that are continuous and concentric with each oth- 
er. 

[001 6] This kind of tone wheel 1 3 is fixed to the inner- 
ring member 5, such that the larger-diameter section 1 5 
is fitted around the outer peripheral surface on the axi- 
ally inside end portion of the inner-ring member 5, so 
that the stepped section 16 comes in contact with the 
edge of the inner-ring member 5. Therefore the smaller- 
diameter section 14 is supported so that it is concentric 
with the inner-ring member 5. There are several 
through-holes 17 formed around this smaller-diameter 
section 1 4 at equal intervals in the circumferential direc- 
tion to form a rotating cutout section. Each of these 
through-holes 17 are identical and are rectangular 
shaped to extend in the axial direction (left and right in 
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Figs. 14 and 15). 

[0017] The opening on the inside end portion of the 
outer-ring member B is covered by a cover 18 which is 
made of metal plate, such as stainless steel plate or alu- 
minum alloy plate and so on, and is formed into a cylin- 
drical shape with a bottom using a drawing method etc, 
[0018] Disposed on the inner peripheral surface of the 
cylindrical section 19 of this cover 18, is a circular or 
annular-shaped sensor 20 which is embedded in a syn- 
thetic resin mass 21. This sensor 20 comprises a per- 
manent magnet 22, a stator 23 made of magnetic ma- 
terial such as steel plate, and a coil 24. By embedding 
the permanent magnet 22, stator 23 and coil 24 in the 
synthetic resin mass 21, the sensor 20 can be made 
generally annular. 

[001 9] Of these components which make up the sen- 
sor 20, the permanent magnet 22 is formed so that it is 
generally annular (ring shaped) and magnetized so that 
its magnetic orientation is in the radial direction. The in- 
ner peripheral surface of this permanent magnet 22 is 
faced, through a small clearance or gap 25, to the outer 
peripheral surface of a base portion of the smaller-di- 
ameter section 14 of the tone wheel 1 3 where the holes 
1 7 are not formed. 

[0020] The stator 23 is formed so that it is entirety an- 
nular and has a substantially J-shaped cross section. 
The inner peripheral surface on the axially outsjde end 
of the radially outer cylindrical section 26 of the stator 
23 is very near or comes in contact with the outer pe- 
ripheral surface of the permanent magnet 22. Moreover, 
the inner peripheral surface of the radially inner cylindri- 
cal section 27 of the stator 23 is faced to a portion of the 
tone wheel 13 where the holes 17 are formed. Further- 
more, a plurality of multiple stationary notches 28 are 
formed in the stationary cutout portion around the radi- 
ally inner cylindrical section 27 of the stator 23, so that 
they are located around the cylindrical section 27 cir- 
cumferentially with the same pitch as the holes 1 7. The 
pitch is also referred to as center-angle pitch throughout 
the invention. Also, the radially inner cylindrical section 
27 is formed so that it is comb-toothed. 
[0021] The coil 24 is formed by winding a conductive 
wire around a non-magnetic bobbin 29 so that it is an- 
nular shaped, and it is located on the inner peripheral 
side of the radially outer cylindrical section 26 of the sta- 
tor 23. The electromotive force (emf) generated in this 
coil 24 is output from a connector 30 that protrudes from 
the outer surface of the cover 18. 
[0022] When using the rolling-bearing unit with rpm 
detection device constructed as described above, as the 
tone wheel 1 3 rotates with the hub 1 , the density of the 
magnetic flux flowing in the stator 23, which is faced to 
the tone wheel 1 3, changes, so that the voltage gener- 
ated in the aforementioned coil 24 changes at a frequen- 
cy that is proportional to the rpm of the hub 1 . 
[0023] The theory behind the change of voltage gen- 
erated in the coil 24 due to the change in density of the 
magnetic flux flowing in the stator 23 is the same as that 


applied for rpm sensors that have been widely used in 
the past. The reason that the density of the magnetic 
flux flowing in the stator 23 changes due to the rotation 
of the tone wheel 1 3 is described below. 
5 [0024] The holes 1 7 formed around the tone wheel 1 3 
and the notches 28 formed around the stator 23 have 
the same pitch, so that as the tone wheel 1 3 rotates, 
there are moments when they are all faced to each other 
at the same time. At the moment when these holes 17 
10 and notches 28 are faced to each other, the magnetic 
column sections located between each pair of adjacent 
holes 17 and the magnetic tongue-shaped sections lo- 
cated between each pair of adjacent notches 28 are 
faced to each other through a very small gap 25. When 
*5 the magnetic column sections and tongue-shaped sec- 
tions are faced to each other, the density of the magnetic 
flux flowing between the tone wheel 1 3 and the stator 
23 is high. 

[0025] In contrast to this state, when the holes 1 7 and 
notches 28 are half out of phase, the density of the mag- 
netic flux flowing between the tone wheel 1 3 and the 
stator 23 becomes low. In other words, in this state, the 
holes 1 7 formed around the tone wheel 1 3 are faced to 
the tongue-shaped sections, while at the same time, the 
notches 28 formed around the stator 23 are faced to the 
column sections. When the column sections are faced 
to the notches 28 and the tongue-shaped sections are 
faced to the holes 1 7, there is a comparatively large gap 
or clearance between the tone wheel 13 and the stator 
23 generally in the circumference. In this state, the den- 
sity of the magnetic flux flowing between the tone wheel 
13 and the stator 23 becomes low. 
[0026] As a result, the voltage generated in the afore- 
mentioned coil 24 changes proportionally with the rpm 
of the hub 1. 

[0027] By using a sensor 20 like described above, the 
output voltage generated in the coil 24 changes with a 
frequency proportional to the rpm of the hub 1 , however 
there is an annular limited space that necessarily exists 
in the opening end of the outer-ring member 8. It is pos- 
sible to install this sensor 20 in this annular limited 
space, and it is possible to make the output of the sensor 
20 sufficiently large enough to reliably detect the rpm of 
the rotating hub 1 rotating together with the vehicle 
wheel. 

[0028] The permanent magnet 22, stator 23 and coil 
24, which make up the sensor 23 are all formed in a 
circular shape that entirely surrounds the tone wheel 1 3. 
Since the magnetic flux that comes from the permanent 
magnet 22 flows all the way around the stator 23, the 
amount of magnetic flux that flows inside the stator 23 
can be made sufficiently large enough for this stator 23. 
Thus the change in voltage in the coil 24, that corre- 
sponds to the change in density of the magnetic flux 
passing through the stator 23, can be made large. 
[0029] Larger output can be obtained by using the pri- 
or art rpm detection device with annular-shaped sensor 
20, constructed and used as described above, than by 


25 


30 


35 


40 


45 


50 


3 


5 


EP0 701 133 B1 


6 


using the prior art rod-shaped sensor. 
[0030] However, the degree that the output is im- 
proved by increasing the size of the permanent magnet 

22, stator 23 and coil 24 in the annular sensor 20 is still 
smaller, therefore improvements are desired that will 
make it possible to obtain even larger output. 

[0031] One of the reasons why the output is improved 
only a little even if the size of the permanent magnet 22, 
stator 23 and coil 24 is increased, is that the amount of 
change of magnetic flux flowing in the stator 23 is small. 
In other words, as mentioned above, during the moment 
when the holes 17 are faced to the notches 28, a high- 
density magnetic flux flows in the stator 23, and when 
the holes 17 and notches 28 are haff out of phase, the 
density of the magnetic flux flowing in the stator 23 be- 
comes low. In the case of the prior art construction, the 
density of the magnetic flux is changed only by the op- 
posing holes 17 and notches 28. Therefore, even when 
the holes 17 and the notches 28 are half out of phase, 
there is still a little magnetic flux that flows in the stator 

23. As a result, the amount of change in the density of 
the magnetic flux is small between moments when the 
holes 17 and notches 28 are faced to each other and 
when the holes 17 and the notches 28 are half out of 
phase, and the increase of the output voltage generated 
in the coil 24 is small. 

[0032] A frequency transmitter for producing signals 
to control the break force at motor vehicle wheels is dis- 
closed in US 39 27 339 and comprises a rotating toothed 
arrangement secured to the output shaft of the differen- 
tial gear cooperating with a stationary tooth arrange- 
ment disposed in an insert member in the bearing cover 
of the differential gear between the tapered roller bear- 
ing assembly for the differential gear housing and a re- 
taining ring. The insert member is non-rotatably inserted 
axially from the outside into the bearing cover of the dif- 
ferential gear and accommodates the stationary tooth 
arrangement which includes the coil carrier as well as 
two stationary teeth and a permanent magnet of high 
energy yield. 

Summary of the Invention 

[0033] The rolling-bearing unit with rpm detecting de- 
vice of this invention take into consideration the prob- 
lems as mentioned above. 

[0034] The object of this invention is to provide a roll- 
er-bearing unit with rpm detector which makes it possi- 
ble to obtain a large output, thus making it possible to 
more accurately detect the rpm of the wheel. 
[0035] This object is solved according to the present 
invention by a rolling-bearing unit comprising the fea- 
tures of claim 1 . Detailed embodiments are described 
in the dependent claims. 

[0036] In the rolling-bearing unit with rpm detecting 
device of this invention, there are first and two opposing 
sections where the sensor is faced to the tone wheel, 
and the magnetic resistance at these two opposing sec- 


tions changes at the same time as the rotating ring ro- 
tates. These two opposing sections are located in series 
in the magnetic circuit which includes the stator. 
[0037] In the rolling-bearing unit with rpm detector of 
s this invention, the magnetic resistance changes simul- 
taneously at two opposing sections as the tone wheel 
rotates, thus the change in density of the magnetic flux 
flowing in the stator of the sensor becomes large. 

10 Brief Description of the Drawings 

[0038] 

Figure 1 is a cross-sectional view of a first embod- 
15 iment of this invention; 

Figure 2 is an enlargement view of section II of Fig. 
1; 

Figure 3 is a partial enlarged cross-sectional view 
of the tone wheel and sensor, for explaining the con- 
20 ditions for generating sensor output; 

Figure 4 is a pictorial view of the permanent magnet 
of the sensor; 

Figure 5 shows a second embodiment of the inven- 
tion, similar to as Fig. 2; 
25 Figure 6 is a partial enlarged cross-sectional view 
of the tone wheel and sensor of a third embodiment 
of the invention; 

Figure 7 is a cross-section view of a fourth embod- 
iment of the invention; 
30 Figure 8 is an enlarged view of the section VIII of 
Fig. 7; 

Figure 9 is a partial enlarged cross-sectional draw- 
ing of the tone wheel and sensor, for explaining the 
conditions for generating sensor output; 
35 Figure 10 shows a fifth embodiment of the inven- 
tion, similar to same as Fig. 2; 
Figure 11 is a partial enlarged cross-sectional view 
of a sixth embodiment of the invention; 
Figure 1 2 is a graph showing the effects of the ratio 
40 of the pitches of the magnetic poles and cut-out sec- 
tions and the thickness of the small gap, for an rpm 
detector with a permanent magnet whose North and 
South poles alternate in the circumferential direc- 
tion; 

45 Figure 1 3 is a graph showing the effects of the dis- 
placement of the sensor in the radial direction on 
the output of the sensor; 

Figure 14 is a cross-sectional view of an example 
of prior construction; 
50 Figure 1 5 is a partial enlarged view of section XV of 
Fig. 14. 

Description of the Preferred Embodiments 

55 [0039] Like the prior art rolling-bearing unit with rpm 
detecting device described above, the rolling-bearing 
unit with rpm detecting device of this invention compris- 
es a stationary ring that has a stationary raceway on a 
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first peripheral surface, a cover attached to the end of 
this stationary ring, a rotating ring that has a rotating 
raceway on a second surface opposed to the first pe- 
ripheral surface opposed to the first peripheral surface 
of the stationary ring, a plurality of rolling bodies that 
rotate freely between the stationary raceway and the ro- 
tating raceway, an annular tone wheel made of magnetic 
material that is attached to the end of the rotating ring 
and which has a rotating cutout section having cutouts 
formed at equal intervals all the way around in the cir- 
cumferential direction, and an annular sensor that is 
supported inside the cover so that it is faced to the tone 
wheel 

[0040] In the rolling-bearing unit with rpm detecting 
device of this invention, there are first and two opposing 
sections where the sensor is faced to the tone wheel, 
and the magnetic resistance at these two opposing sec- 
tions changes at the same time as the rotating ring ro- 
tates. 

[0041] In order to simultaneously change the magnet- 
ic resistance at the two opposing sections, for example, 
in the rolling-bearing unit with rpm detection device in 
the second aspect, the tone wheel has a rotating cylin- 
drical section that is concentric with the rotating ring and 
stationary ring, such that a rotating cut-out section is 
formed around the surface of the rotating cylindrical sec- 
tion. The cutout section has cutouts such as notches or 
through-holes or recesses in the circumferential direc- 
tion that generally form an uneven surface. 
[0042] The sensor comprises a permanent magnet, a 
stator made of magnetic material and a coil, all of which 
are circular shaped. 

[0043] One end face in the magnetic orientation of the 
permanent magnet is formed with recesses and lands 
in the circumferential direction, having the same pitch 
as the cutouts in the rotating cut-out section. 
[0044] Moreover this end face of the permanent mag- 
net is faced, through a small gap or clearance in a first 
location, to the rotating cut-out section formed on the 
rotating cylindrical section of the tone wheel, forming a 
first opposing section. 

[0045] One end portion of the stator comes in contact 
with or comes very close to the other end face in the 
magnetic orientation of the permanent magnet. 
[0046] The other end of the stator is formed with a sta- 
tionary cylindrical section, so that it is concentric with 
the rotating ring and stationary ring, such that a station- 
ary cut-out section is formed on this stationary cylindri- 
cal section having cutouts such as notches or holes or 
recesses forming an uneven surface. The cutouts have 
the same pitch as the cutouts in the rotating cut-out sec- 
tion. 

[0047] This stationary cut-out section is faced, 
through a small gap or clearance in a second location, 
to the rotating cut-out section formed around the rotating 
cylindrical section of the tone wheel, forming a second 
opposing section. 

[0046] The recesses around the uneven surface on 


the one end of the permanent magnet are faced to the 
cutouts in the rotating cut-out section at the same instant 
that the cutouts in the stationary cut-out section are 
faced to those in the rotating cut-out section. 

5 [0049] Furthermore, the coil is located all the way 
around the mid-section of the stator. 
[0050] Moreover, in the rolling-bearing unit with rpm 
detection device described in the third aspect, the sen- 
sor comprises a pair of circular-shaped permanent mag- 

™ nets that are magnetically oriented in opposite direc- 
tions and that are concentric with the rotating ring, a sta- 
tor having the both ends thereof provided in a magnetic 
conduction relation with one end face in magnetic ori- 
entation of this pair of permanent magnets, and a coil 

*5 which is positioned on the mid-section of the stator be- 
tween the pair of permanent magnets. 
[0051] An uneven surface is formed around the other 
end in magnetic orientation of this pair of permanent 
magnets and has the same pitch as in the rotating cut- 

20 out section, and this other end in magnetic orientation 
of the pair of permanent magnets is formed such that 
the different poles are faced to the rotating cut-out sec- 
tion of the tone wheel through a small gap or clearance, 
forming a pair of opposing sections. Furthermore, the 

25 uneven surfaces on the other ends in magnetic orienta- 
tion of the permanent magnets are the same as each 
other in phase with reference to the rotating cut-out sec- 
tion. 

[0052] In the rolling-bearing unit with rpm detector de- 
30 scribed in the fourth aspect, the tone wheel has a flange- 
shaped circular section, and the rotating cuNout section 
is formed on the surface of this circular section. Moreo- 
ver, the sensor comprises a circular-shaped permanent 
magnet, a pair of stators that are made of magnetic ma- 
35 terial, and a coil. 

[0053] A stationary cut-out section is formed around 
one end of each stator with the same pitch as in the ro- 
tating cutout section, and the one ends of the stators are 
faced to the rotating cut-out section formed in the circu- 
40 lar section of the tone wheel through a small gap or 
clearance, forming a pair of opposing sections. 
[0054] The other end of one of the stators comes in 
contact with or is very close to one end face in magnetic 
orientations of the permanent magnet, while the other 
45 end of the other stator comes in contact with or is very 
close to the other end face of the permanent magnet. 
[0055] The stationary cut-out section formed on the 
one end of one of the stators is faced to the rotating cut- 
out section at the same moment that the stationary cut- 
so out section formed on the one end of the other stator is 
faced to the rotating cut-out section. Furthermore, the 
coil is located between the pair of stators generally cir- 
cumferantialty. 

[0056] The rolling-bearing unit with rpm detector of 
55 this invention, constructed as described above, sup- 
ports the suspension device so that the vehicle wheel 
can rotate freely, while at the same time detects the rpm 
of the vehicle wheel in the same manner as the afore- 
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mentioned prior art rolling-bearing unit with rpm detec- 
tor. However, in the case of the rolling-bearing unit with 
rpm detector of this invention, the magnetic resistance 
changes simu Itaneously at two opposing sections as the 
tone wheel rotates, thus the change in density of the s 
magnetic flux flowing in the stator of the sensor be- 
comes large. Also, as the tone wheel rotates, the 
change in magnetic resistance of this magnetic circuit 
is large. As a result, the change in density of the mag- 
netic fiux flowing in the stator becomes large and the 10 
voltage generated in the coil becomes large. 
[0057] For example, in the case of the rolling-bearing 
unit with rpm detector described in the second aspect, 
the magnetic resistance in the section where the rotating 
cut-out section is faced to the stationary cut-out section is 
changes in the same.manner as in the prior art construc- 
tion. In addition, the magnetic resistance in the section 
where the uneven surface formed on one end face in 
magnetic orientation of the permanent magnet is faced 
to the rotating cut-out section also changes. 20 
[0058] These two opposing sections are located in se- 
ries in the magnetic circuit which includes the stator. 
Consequently, as the tone wheel rotates, a large change 
in magnetic resistance of this magnetic circuit is ob- 
tained. As a result, the change in density of the magnetic 25 
flux flowing in the stator becomes large and the voltage 
generated in the coil becomes large. 
[0059] Moreover, in the case of the rolling-bearing unit 
with rpm detector described in the third aspect, when 
the lands of the uneven surface around both permanent 30 
magnets are faced to the portions between adjacent 
pairs of cut-outs in the tone wheel, the magnetic resist- 
ance between both permanent magnets and the tone 
wheel becomes small. 

[0060] As a results, most of the magnetic flux coming 35 
from the N-pole of the other end in magnetic orientation 
of either one of the permanent magnets flows through 
the tone wheel toward the S-pole on the other end in 
magnetic orientation of the other permanent magnet. At 
the same time, most of the magnetic flux flowing from 40 
the N-pole of the one end in magnetic orientation of the 
other permanent magnet flows through the stator toward 
the S-pole of this end in magnetic orientation of the ei- 
ther one of the permanent magnets. 
[0061] In this state, the amount of magnetic flux flow- 45 
ing across the coil between this pair of permanent mag- 
nets becomes large, and the density of the magnetic flux 
becomes high. 

[0062] In contrast to this, when the lands of the une- 
ven surfaces on both permanent magnets are faced to so 
cut-outs in the tone wheel, the magnetic resistance be- 
tween both permanent magnets and the tone wheel be- 
comes large. As a result, most of the magnetic flux flow- 
ing between the pair of end faces in magnetic orientation 
of the permanent magnets does not pass through the ss 
tone wheel and stator, but flows directly between the pair 
of ends in magnetic orientation of the permanent mag- 
nets. In this state, the amount of magnet flux flowing 
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across the coil between the pair of permanent magnets 
becomes small, and the density of the magnetic flux 
drops. 

[0063] Also, asthedensity of the magnetic flux flowing 
across the coil changes, voltage is generated in the coil. 
This voltage changes at a frequency proportional to the 
rpm of the tone wheel, thus it is possible to know the 
rpm of the wheel from this frequency. 
[0064] Furthermore, in the case of the rolling-bearing 
unit with rpm detector described in the fourth aspect, the 
magnetic resistance between the edges of the one ends 
of the pair of stators and the tone wheel changes simul- 
taneously. Also, as the tone wheel rotates, the magnetic 
resistance in the magnetic circuit changes largely, and 
the change in density of the magnetic flux flowing in the 
stators becomes large, so that the output voltage gen- 
erated in the coil becomes large. 
[0065] Now, the present invention is more detailed re- 
ferring to the drawings. 

[0066] Figs. 1 to 4 show a first embodiment of this in- 
vention that corresponds to the second aspect. This in- 
vention is characterized by construction where, in order 
to increase the output of the sensor 20a, the magnetic 
resistance of the magnetic circuit, which includes the 
stator 23 of the sensor 20a, changes simultaneously at 
two locations. The other parts and construction are sub- 
stantially nearly the same as the prior art construction 
mentioned above, so the like symbols will be used for 
like parts, and any redundant explanation will be omitted 
or simplified so that the explanation can be centered on 
the characteristics of this invention. 
[0067] The smaller-diameter section or cylindrical 
section 14 of the tone wheel 13 is concentric with the 
rotating ring and stationary ring, and comprises a cut- 
out section formed with through-holes 17a, 17b that are 
evenly spaced with the same phase all the way around 
in the circumferential direction. In the embodiment 
shown in the figures, the holes 17a, 17b are formed in 
two rows. The reason for this is, that if there were only 
one row of holes, the holes would be very long with re- 
spect to the column width (dimension of the portion be- 
tween a pair of adjacent holes in the circumferential di- 
rection), so the columns could be damaged, deformed 
or distorted very easily when forming them by using a 
pressing method. 

[0068] If the length of the holes is short with respect 
to the column width, a single row of holes could be 
formed. 

[0069] The aforementioned sensor 20a comprises a 
permanent magnet 22a, a stator 23 made of magnetic 
material, and a coil 24 that are all circular shaped. 
[0070] If the holes 1 7a, 1 7b are formed in two rows, it 
is not necessary that the phase of both rows be the 
same. However, if the phases of both rows do not match, 
then the phase of the depressions 31 formed around the 
inner peripheral edge of the permanent magnet, that will 
be described below, and the phase of the notches 28 
formed around the stator 23 must not match in the same 
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way. 

[0071] It is omitted from the figures, but with respect 
to the holes 17a, 17b which make up the rotating cut- 
out sections formed around the tone wheel 13, it is pos- 
sible to form notches on the axially inner end (right side 
in Figs. 1 thru 3) of the tone wheel 1 3 in the place of the 
through-holes 17b formed around the axially inner end 
of the tone wheel 13. In this case, the end of the tone 
wheel 13 is comb-tooth shaped. If notches are used in 
the place of holes 17b on the edge of the rotating cut- 
out section in this way, it is possible to reduce the length 
in the axial direction of the tone wheel 1 3. Reducing the 
length in the axial direction of the tone wheel 13 is not 
only a useful means for making the rpm detector more 
compact, but is also effective in suppressing whirling 
motion of the tone wheel 1 3. 

[0072] The permanent magnet 22a is magnetically 
oriented in the radial direction all the way around. As 
shown in Fig. 4, an uneven surface is formed all the way 
around the inner peripheral surface or one end face in 
magnetic orientation of the permanent magnet 22a, so 
that the inner surface of the permanent magnet 22a is 
tooth shaped (sec Fig.4). 

[0073] The pitch of alternating recesses 31 and lands 
32 formed around the inner surface of the permanent 
magnet 22a is the same as the pitch of the holes 17a, 
17b formed on the smaller-diameter section 14 of the 
tone wheel 13. 

[0074] Moreover, the inner peripheral surface of this 
permanent magnet 22a is faced, through a small gap or 
clearance 25, to the outer peripheral surface of the 
smaller-diameter section 14 where the holes 17a, 17b 
are formed, forming a first opposing section. 
[0075] Accordingly, at the moment when one of the 
lands 32 is faced to one of the holes 1 7a, all of the other 
lands 32 are faced to the other holes 1 7a throughout the 
circumference. In contrast to this, at the moment when 
one of the recesses 31 is faced to one of the holes 17a, 
all of the other recesses 31 are faced to the other holes 
17a throughout the circumference. 
[0076] If the permanent magnet 22a is a plastic mag- 
net, the uneven surface on the inner peripheral surface 
of the permanent magnet 22a can be formed easily us- 
ing complex shaped dies. Also, the increase in produc- 
tion cost is very small when compared with that of using 
a simple circular shaped permanent magnet. Moreover, 
by forming an uneven surface around the inner periph- 
eral surface, it is possible to alternate the magnetic 
strength circumferenttally in the permanent magnet so 
that the magnetic strength changes all the way around 
without using a magnetizing coil that has a very fine pitch 
and which has a complex shape. 
[0077] The stator 23 comprises a radially outer cylin- 
drical section 26 and a radially inner cylindrical section 
27 connected to each other. One end of the stator 23 is 
formed on the end of the radially outer cylindrical section 
26 which protrudes from the edge of the radially inner 
cylindrical section 27, and comes in contact with or is 


very close to the outer surface of the other end of the 
permanent magnet 22a. Accordingly, the outer periph- 
eral surface of the permanent magnet 22a and the stator 
23 are magnetically linked. 
s [0078] Also, the other end of the stator 23 is formed 
in the stationary, radially inner cylindrical section 27 that 
is concentric with the rotating ring and stationary ring, 
and has the stationary cut-out section in which notches 
28 are formed. 

10 [0079] The pitch of a pair of adjacent notches 28 is 
the same as the pitch of the aforementioned holes 1 7a, 
17b and as the pitch of the uneven surface formed 
around the inner peripheral surface of the permanent 
magnet 22a. This radially inner cylindrical section 27 
is formed with these notches 28 is faced, through a small 
gap or clearance 25, to the section on the outer surface 
of the smaller-diameter section 14 where the holes 17b 
are formed, thus forming a second opposing section. 
[0080] Furthermore, the recesses 31 of the uneven 
surface formed on the inner peripheral surface of the 
permanent magnet 22a are faced to the holes 1 7a at the 
same moment when the notches 28 are faced to the 
holes 17b. In other words, the phases of the holes 17a, 
17b, notches 28, recesses 31 and lands 32 are regulat- 
ed such that as the tone wheel 1 3 rotates, all of the re- 
cesses 31 are faced to the holes 17a at the same mo- 
ment when all of the notches 28 are faced to the holes 
17b. 

[0081] Furthermore, the coil 24 of the sensor 20a is 
nested in the mid-section of the stator 23 between the 
radially outer cylindrical section 26 and the radially inner 
cylindrical section 27. This coil 24 comprises a circular- 
shaped bobbin 29 with a U-shaped cross section made 
of non-magnetic material such as synthetic resin, and a 
conductive wire, such as enamel wire, wound around 
the bobbin 29. The end of this conductive wire passes 
through a hole formed in the stator 23 (not shown in the 
figure) and connects to a terminal on the connector. 
[0082] In the case of the rolling-bearing unit with rpm 
detector of this invention, constructed as described 
above, the magnetic resistance changes simultaneous- 
ly at two locations (the first and second opposing sec- 
tions) while the tone wheel 13 rotates, so that the 
change in density of the magnetic flux flowing in the sta- 
tor 23 of the sensor 20a is large. In other words, while 
the magnetic resistance changes at the opposing sec- 
tion where the holes 17b are faced to the notches 28 in 
the same way as in the prior construction, the magnetic 
resistance also changes at the opposing section where 
the uneven surface formed around the inner surface of 
the permanent magnet 22a is faced to the holes 17a 
[0083] This mechanism is explained in more detail in 
Figs. 3 (A) and (B). First, as shown in Fig. 3 (A), as the 
tone wheel 1 3 rotates, all of the lands 32 on the perma- 
nent magnet 22a are faced to the column sections 33a 
between adjacent pairs of holes 17a at the same mo- 
ment that the tongues 34 between adjacent pairs of 
notches 28 on the stator 23 is faced to the column sec- 
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tion 33b between adjacent pairs of holes 17b. In this 
state, the magnetic resistance between the tone wheel 
13 and the permanent magnet 22a, and the magnetic 
resistance between the tone wheel 1 3 and the stator 23 
become small. As a result, a large magnetic flux flows 
in the magnetic circuit which includes the stator 23, and 
the density of the magnetic flux becomes high. 
[0084] In contrast to this, as shown in Fig. 3 (B), as 
the tone wheel 1 3 rotates, all of the lands 32 on the per- 
manent magnet 22a are faced to the holes 17a at the 
same time that all of the tongues 34 are faced to the 
holes 17b. In this state, the magnetic resistance be- 
tween the tone wheel 13 and the permanent magnet 
22a, and the magnetic resistance between the tone 
wheel 13 and the stator 23 become large. As a result, 
the magnetic flux flowing in the magnetic circuit which 
includes the stator 23 becomes small, and the density 
of the magnetic flux becomes low. 
[0085] Therefore, the magnetic resistance of the mag- 
netic circuit which include the stator 23, changes simul- 
taneously at the two locations which are located in se- 
ries, and as the tone wheel 1 3 rotates, the magnetic re- 
sistance of this magnetic circuit becomes large. As a re- 
sult, there is a large change in the density of the mag- 
netic flux flowing in the stator 23, and the output voltage 
generated in the coil 24 becomes large. 
[0086] In the embodiment shown in the figures, 
through-holes 17b are formed on the end of the tone 
wheel 13 that is faced to the radially cylindrical section 
27 of the stator 23, however, it is also possible to form 
notches on this end of the tone wheel 13 in the place of 
the through-holes 17b. If notches are used, the edge of 
the tone wheel 1 3 becomes comb-tooth shaped. There- 
fore, by using such notches in the place of holes 17b, it 
is possible to shorten the dimension of the tone wheel 
1 3 in the axial direction. 

[0087] Next, Fig. 5 shows a second embodiment of 
this invention which also corresponds to the second as- 
pect. In this embodiment of the invention, the peripheral 
speed of the tone wheel 1 3a is faster, so that the output 
of the sensor 20b is made even larger. Therefore, the 
tone wheel 13a used in this embodiment, comprises a 
smaller-diameter section 14a and a larger-diameter 
section 15a which are concentric with each other and 
connected together by a stepped section 16a. The 
smaller-diameter section 14a of this tone wheel 13a is 
fitted around the axially inside end portion of the inner- 
ring member 5, which is away from the inner-ring race- 
way 3b, so that the tone wheel 1 3a can rotate freely to- 
gether with the hub 1. The larger-diameter section or 
rotating cylinder section 15a is concentric with the rotat- 
ing ring or hub 1 and the stationary ring or outer ring 
member 8. The rotating cut-out section is formed in the 
larger-diameter section 15a in the shape of holes or 
notches 17a, 17b at equal intervals all the way around 
in the circumferential direction. 
[0088] The sensor 20b comprises a permanent mag- 
net 22b, stator 23a and coil 24 which are all circular or 


annular shaped. Of these, the permanent magnet 22b 
is magnetically oriented in the radial direction all the way 
around. Also, an uneven surface that is tooth shaped 
like a gear is formed on the outer peripheral surface of 

5 the permanent magnet 22b, and the one end face in 
magnetic orientation or outer peripheral surface of this 
uneven surface of the permanent magnet is faced, 
through a small gap 25a, to the inner peripheral surface 
of the larger-diameter section 1 5a where the holes 1 7a, 

to 17a are formed. 

[0089] Moreover, the stator 23a is made of a magnetic 
material such as low carbon steel plate and has a J- 
shaped cross section, and has a radially outer cylindrical 
section 26a and a radially inner cylindrical section 27a 

*5 that are concentric. 

[0090] If the stator 23a is made of electromagnetic 
steel or magnetic pole steel with a high saturation mag- 
netic flux density (this is not limited to this embodiment), 
the thickness of the stator 23a can be made thin, making 
20 rt possible to prevent saturation of the flux inside the sta- 
tor 23a. 

[0091] With respect to the two cylindrical sections 
26a, 27a, the axially outside end of the radially inner cy- 
lindrical section 27a protrudes out further in the axial di- 

2S rection than the axially outside end of the radially outer 
cylindrical section 26a. Also, the outer peripheral sur- 
face of the portion of the axially outside end of the radi- 
ally inner cylindrical section 27a that protrudes out fur- 
ther than the axially outside end of the radially outer cy- 

30 lindrical section 26a comes in contact with or is very 
close to the inner peripheral surface of the permanent 
magnet 22b. 

[0092] Provided around the radially outer cylindrical 
section 26a, which is the stationary cylindrical section, 

35 formed on the other end of the stator 23a, are notches 
or cutouts 28 having the same pitch as the holes 17b, 
which form the stationary cut-out section. The outer pe- 
ripheral surface of this radially outer cylindrical section 
26a with notches 28 is faced, through a small gap or 

40 clearance 25a, to the inner peripheral surface of the 
large-diameter section 1 5a of the tone wheel 1 3a where 
the holes 17b are formed. Furthermore, the coil 24 is 
nested in the mid-section of the stator 23a, and is sur- 
rounded by the axially inside surface of the permanent 

45 magnet 22b and the inner peripheral surface of the cy- 
lindrical section 26a, and the outer peripheral surface of 
the cylindrical portion 27a. 

[0093] The sensor 20b, constructed as described 
above, is embedded in synthetic resin 21a so that it is 

50 generally annular or circular shaped and so that it has 
a hat-shaped cross section. Also, this synthetic resin 
21 a is attached to the inside of the cover 1 8a which cov- 
ers the opening on the axially inside end of the outer 
ring member 8. In this state, the inner peripheral surface 

55 of the large-diameter section 1 5a of the tone wheel 1 3a 
is faced, through a small gap or clearance 25a, to the 
outer peripheral surface of the sensor 20b that is sup- 
ported in the synthetic resin 21a. 
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[0094] As shown in the example in the figure, on the 
bottom of the cover 18a there is a protruding cylindrical 
section 37 that has a bottom, and the synthetic resin 21 a 
is fitted on this protruding section 37. Consequently, the 
supporting strength with which the synthetic resin 21a 
supports the cover 18a is secured enough. 
[0095] The roller-bearing unit with rpm detector of this 
embodiment of the invention, constructed as described 
above, supports the vehicle wheel so that it rotates free 
with respect to the suspension device, as well as detects 
the rpm of the vehicle wheel in the same manner as the 
rolling-bearing unit with rpm detector described in the 
first embodiment does, except that the members are 
placed opposite in the radial direction. As the tone wheel 
1 3a rotates together with the hub 1 , the density of the 
magnetic flux inside the stator 23a which is faced to the 
tone wheel 1 3a, changes, and the voltage generated in 
the coil 24 changes at a frequency that is proportional 
to the rpm of the hub 1 . 

[0096] In particular, in the case of the rolling-bearing 
unit with rpm detector of this embodiment, since the in- 
ner peripheral surface of the larger-diameter section 
1 5a of the tone wheel 1 3a is faced to the outer peripheral 
surface of the radially outer cylindrical section 26a of the 
stator 23a, it is possible to increase the diameter of larg- 
er-diameter section 15a and radially outer cylindrical 
section 26a. In other words, since the radially outer cy- 
lindrical section 26a is located on the outer periphery 
side of the sensor 20b, whose thickness in the radial 
direction is somewhat large due to the coil 24 etc., it is 
possible to increase the diameter of the larger-diameter 
section 15a and the radially outer cylindrical section 
26a. As a result, it is possible to keep an adequate 
number of holes 1 7a, 1 7b and notches 28 in the station- 
ary and rotating cut-out sections, thus increasing the 
precision of rpm detection. It is also possible to increase 
the sensor output maintaining the width of the columns 
33a, 33b located between adjacent pairs of holes 17a 
(or holes 17b) and the width of the tongues 34 (see Fig. 
3) located between adjacent pairs of notches 28. 
[0097] Next, Fig. 6 shows a third embodiment of the 
invention that also corresponds to the second aspect. 
In this embodiment, depressions 35 are formed on the 
inner surface of the axially inside half of the bobbin 29a 
so that they are engaged freely with and have the same 
pitch as the tongues 34 located between adjacent pairs 
of notches 28. Also, one or more protrusions 36 are 
formed on the axially outside end face of the bobbin 29a 
near its inner periphery, and these protrusions 36 are 
engaged with the recesses 31 on the radially inner sur- 
face of the permanent magnet 22a. 
[0098] In this embodiment, this construction makes it 
possible to obtain the following two effects in addition to 
the effects of the first embodiment. 

1 . The phase of the bobbin 29a with reference to 
and the permanent magnet 22a is regulated by the 
engagement between the protrusions 36 and the re- 


cesses 31 , and the phase of the bobbin 29a with 
reference to the stator 23 is regulated by the en- 
gagement between the tongues 34 and the depres- 
sions 35. Also, the phase of the permanent magnet 
5 22a with reference to the stator 23 is regulated, so 
that the permanent magnet 22a and the stator 23 
do not come out of phase when embedded in the 
synthetic resin. 

2. As much as interference between the inner pe- 
ripheral surface of the bobbin 29a and the tongues 
34 is prevented by the depressions 35, it is possible 
to reduce the inner radius of the bobbin 29a. As a 
result, the number of windings of coil 24 around the 
bobbin 29a can be increased, thus increasing the 
output voltage of the sensor which is generated in 
the coil 24. Also, by reducing the inner radius of the 
bobbin 29a, it is possible to increase the total length 
of conductive wire, while at the same time, keep the 
magnetic resistance of the coil 24 from increasing, 
thus effectively increasing the sensor output. 

[0099] Next, Figs. 7 thru 9 show a fourth embodiment 
of this invention that corresponds to the third aspect. 
The sensor 38 is secured by being embedded in a syn- 
thetic resin mass 21 that is fitted inside the cover 18 
which covers the opening on the axially inside end of 
the outer ring member 8, and comprised of a pair of per- 
manent magnets 39a, 39b that are circular or cylindrical 
shaped, a stator 40 and a coil 24. Of these, the stator 
40 is made of magnetic material such as steel plate and 
is formed into a cylindrical shape and its thickness is 
such that it can prevent the magnetic flux from becoming 
saturated. In order that the stator 40 can be manufac- 
tured inexpensively, a piece of magnetic plate can be 
rounded and formed in a substantially cylindrical shape 
in a C-shaped cross section. 

[0100] Also, several recesses and lands are formed 
circumferentially around the inner peripheral surface of 
each of the permanent magnets 39a, 39b so that they 
have the same pitch as the holes 1 7 formed in the small- 
er-diameter section 14 of the tone wheel 13. The inner 
peripheral edge of these permanent magnets 39a, 39b 
is formed with a gear-like shape in the same as the per- 
manent magnet 22a used in the first embodiment. 
These permanent magnets 39a, 39b are magnetically 
oriented in the radial direction. Moreover, the magnetic 
orientation of these permanent magnets 39a, 39b are 
opposite of each other. 

[0101] For example, in the embodiment shown in the 
figures, the inner peripheral surface of one of the per- 
manent magnets 39a (the left magnet in Figs. 7 thru 9) 
and the outer peripheral surface of the other permanent 
magnet 39b (right magnet in Figs. 7 thru 9) are the North 
poles, and the outer peripheral surface of the one per- 
manent magnet 39a and the inner peripheral surface of 
the other permanent magnet 39b are the South poles. 
The outer peripheral surface of these permanent mag- 
nets 39a, 39b come in contact with or are very close to 
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the inner surface of both ends of the stator 40, so that 
magnetic conduction occurs between the permanent 
magnets 39a, 39b and the stator 40. The magnetic ori- 
entation may be the opposite of that shown in the fig- 
ures. 5 
[0102] Also, the inner peripheral edges of this pair of 
permanent magnets 39a, 39b are faced, through a small 
gap or clearance 25, to portions of the smaller-diameter 
section 14 of the tone wheel 1 3 where the both ends of 
the holes 17 are formed in alignment. The phase of the 10 
recesses and lands formed around the inner peripheral 
edge of these permanent magnets 39a, 39b is the same 
as that of the holes 17. Accordingly, as shown in Fig. 9 
(A), at the moment when the lands 32 formed around 
the inner peripheral edge of the permanent magnets is 
39a, are faced to the columns 33 located between ad- 
jacent pairs of holes 17, the lands 32 formed around the 
radially inner edge of the other permanent magnet 39b, 
are faced to the columns 33. 

[0103] Moreover, as shown in Fig. 9 (B), at the mo- 20 
ment when the lands 32 formed around the inner periph- 
eral edge of the permanent magnets 39a, are faced to 
the holes 17, the lands 32 formed around the inner pe- 
ripheral edge of the other permanent magnet 39b, are 
faced to the holes 17. 2s 
[0104] It is not necessary that the through-holes 17 
be formed so long that they are faced to the pair of per- 
manent magnets 39a, 39b at the same time. For exam- 
ple, as in the case of the first embodiment described 
above, if no holes are formed in the section that is faced so 
to the inner peripheral surface of the coil 24, and two 
rows of short holes are formed in only the portion that is 
faced to the permanent magnets 39a, 39b, it is possible 
to prevent deformation of the tone wheel 1 3 that occurs 
when forming the holes. 35 
[0105] In this embodiment, if long holes are used in 
the structure where the permanent magnets 39a, 39b 
are arranged on both ends in the axial direction of the 
cylindrical-shape coil 24, such that the magnetic resist- 
ance is changed at the edge of the permanent magnets *o 
39a, 39b, they must be long enough to correspond to 
the length in the axial direction of the coil 24, therefore 
the press equipment required for forming these holes 
must be large. 

[0106] In contrast to this, if the holes are arranged in 45 
two rows as described above, and the length of each 
hole is made shorter, it is possible to form the holes by 
punching them out with smaller (compact and inexpen- 
sive) press equipment. 

[0107] Moreover, if according to the design, one row so 
of holes is to be used, the length of the holes with respect 
to the width of the columns (width of the portions be- 
tween adjacent pairs of holes) becomes long, so there 
is a good possibility that these columns will be bent or 
distorted when forming the holes with the press. Even ss 
in this case, by using two rows of holes, it is possible to 
maintain the processing precision. As in the case of the 
first embodiment, if two rows are formed, it is not nec- 
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essary that the phase of each row be the same. 
[0108] Furthermore, the aforementioned coil 24 is fit- 
ted into the inner peripheral surface of the mid-section 
of the stator 40 and is surrounded on both sides in the 
axial direction by the pair of permanent magnets 39a, 
39b. In other words, the coil 24 is formed by conductive 
wires wound around the outer peripheral surface of the 
bobbin 29, and the entire bobbin 29 is fitted inside the 
stator 40. Also, part of the conductive wire that makes 
up the coil 24 runs through a hole or notch that is formed 
in part of the stator 40, to the outside of the stator 40, 
and is connected to a terminal on the connector 30 
which is formed on the outside of the end plate 41 of the 
cover 18. The electromotive force that is generated in 
the coil 24 is output through this connector 30. Also, 
there is a through-hole formed in the place on the end 
plate 41 of the cover 18 where the connector 30 is lo- 
cated. A plug on the end of the harness for receiving this 
signal is inserted into the connector 30. This connector 
is made of synthetic resin or plastic, through a process 
first forming a synthetic resin mass in which the sensor 
38 is embedded, fitting the synthetic resin mass into the 
cover 1 8, and then forming the synthetic resin connector 
30 on the outside surface of the cover 18. 
[0109] When using the rolling-bearing unit with rpm 
detector of this invention, constructed as described 
above, as the tone wheel 1 3 rotates together with the 
hub 1 , voltage is generated in the coil 24 of the sensor 
38 that is faced to the smaller-diameter section 1 4 of the 
tone wheel 13, and that voltage changes at a frequency 
that is proportional to the rpm of the tone wheel 1 3. The 
reason that voltage is generated in the coil 24 as the 
tone wheel 13 rotates is described below. 
[0110] First, as shown in Fig. 9 (A), when the lands 32 
of the uneven portion formed around the inner periph- 
eral edge of the pair of permanent magnets 39a, 39b 
are faced to the columns 33 that are located between 
adjacent pairs of holes 17 on the tone wheel 13, the 
magnetic resistance between both of the permanent 
magnets 39a, 39b and the tone wheel 13 becomes 
small. As a result, most of the magnetic flux that comes 
from the North pole located on the inner peripheral edge 
of one of the permanent magnets 39a, flows through the 
tone wheel 1 3 toward the South pole located on the in- 
ner peripheral edge of the other permanent magnet 39b. 
At the same time, most of the magnetic flux coming from 
the North pole located on the outer peripheral edge of 
the other permanent magnet 39b, flows through the sta- 
tor 40 toward the South pole, located on the outer edge 
of the first permanent magnet 39. In this state, the 
amount of magnetic flux that flows across the coil 24 
located between the pair of permanent magnets 39a, 
39b, becomes large, and the density of the magnetic flux 
becomes high. 

[0111] In contrast to this, as shown in Fig. 9 (B), when 
the lands 32 are faced to the holes 17, the magnetic re- 
sistance between both of the permanent magnets 39a, 
39b and the tone wheel 1 3 becomes large. As a result, 
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most of the magnetic flux flowing between both ends in 
magnetic orientation of the permanent magnets 39a, 
39b does not pass through the tone wheel 1 3 or stator 
40, but flows directly between both ends of each of the 
permanent magnets 39a, 39b. In this state, the amount 
of magnetic flux flowing across the coil 24 located be- 
tween the pair of permanent magnets 39a, 39b be- 
comes small, and the density of the magnetic flux be- 
comes low. 

[01 12] In this way, in the sensor 38 of the rolling-bear- 
ing unit with rpm detector of this invention, the change 
in density of the magnetic flux flowing between the pair 
of permanent magnets 39a, 39b as the tone wheel 13 
rotates, is large. As a result, a sufficiently large voltage 
is generated in the coil 24 located inside the stator 40, 
and the output of the sensor 38 becomes large. 
[01 1 3] With the aforementioned sensor 38 functioning 
as described above, the output voltage generated inside 
the coil 24 changes at a frequency proportional to the 
rpm of the hub 1 . The sensor 38 can be located in a 
limited amount of space, and since the output of the sen- 
sor 38 made even larger, thus the output of the sensor 
38 is stepped up, and the ability to accurately detect the 
rpm of the vehicle wheel that rotates together with the 
hub 1 is substantially the same as for each of the em- 
bodiments that correspond to the second aspect de- 
scribed above. 

[011 4] Next, Fig. 10 shows a fifth embodiment of this 
invention that also corresponds to the third aspect. In 
this embodiment, the tone wheel 1 3a comprises a small- 
er-diameter section 14a and a larger-diameter section 
15a that are concentric and connected with each other 
by a step section 1 6a. The smaller-diameter section 1 4a 
is fitted around the portion of the inner ring member 5 
that is axially away from the inner-ring raceway 3b. Also, 
several holes 17 are formed at equal intervals around 
in the circumferential direction of the larger-diameter 
section 15a, and the outer peripheral surface of the sen- 
sor 38a is faced, through a small gap or clearance 25a, 
to the inner surface of the large-diameter section 15a. 
[0115] Also, in this embodiment, an uneven surface 
of lands and recesses is formed on the outer peripheral 
edge of a pair of permanent magnets 39a, 39b, and the 
inner peripheral edges of each of these permanent mag- 
nets 39a, 39b come in contact with or are very close to 
the outer peripheral surface of the stator 40a. In the em- 
bodiment shown in the figure, this stator 40a has an L- 
shaped cross section, and part of the stator 40a sticks 
out further in the axial direction than the main portion of 
the sensor 38a (to the right in Fig. 10). The reason for 
this is that by improving the strength of the bond be- 
tween the stator 40a and synthetic resin 21 of the sensor 
38a, the sensor 38a can be sufficiently held by the syn- 
thetic resin 21. 

[0116] With this kind of construction, it is necessary 
to keep sufficient distance between the protruding part 
of the stator 40a and magnetic parts such as the nut 7, 
in order to prevent leakage of the magnetic flux. 


[0117] Members made of non-magnetic material that 
are separate from the stator 40a are located on the in- 
side in the radial direction of the sensor 38a, and by ex- 
tending these members in the axial direction, it is pos- 
5 sible to improve the strength of the bond. If this kind of 
construction is used, there is no leakage of the magnetic 
flux due to the construction members used for improving 
the strength, and it is possible to use a magnetic cover 
18. 

to [0118] The output of the sensor 38a of this embodi- 
ment, constructed as described above, changes as the 
hub 1 rotates nearly the same as in fourth embodiment 
described above, except that the radially inner and outer 
peripheral ends are just opposite. In particular, in the 
is bearing unit with rpm detector of this embodiment, the 
inner peripheral surface of the larger-diameter section 
1 5a of the tone wheel 1 3a is faced to the outer peripheral 
edges of the pair of permanent magnets 39a, 39b, so 
that the diameter of the rotating cut-out section having 
the holes 17, and the diameter of the portion on the pe- 
ripheral edges of the permanent magnets 39a, 39b 
where the lands and recesses are formed can be made 
larger. As a result, as in the case of the second embod- 
iment described above, it is possible to have a sufficient 
number of holes 17 in the rotating cut-out section and 
lands and recesses in the permanent magnet, thus in- 
creasing the precision of detecting the rpm. Also, it is 
possible to keep the width of the columns 33 located 
between adjacent pairs of holes 17 large enough, thus 
making it possible to increase the output of the sensor 
38a. 

[0119] Moreover, the output of this sensor 38a is also 
improved by speeding up the relative displacement of 
the holes 17 with respect to the lands and recesses in 
the permanent magnet by increasing the diameter as 
described above. It is also possible to use notches or 
depressions and protrusions in the place of the through- 
holes 17, shown in the figure, for the cut-out section of 
the tone wheel. 

[01 20] Next, Fig. 1 1 shows a sixth embodiment of the 
invention that corresponds to the fourth aspect. In this 
embodiment, the tone wheel 1 3b is fitted around the in- 
ner ring member 5, and generally circular or annular and 
has an L-shaped cross section. Also, this tone wheel 
13b comprises a flange-shaped ring section 44 around 
which is a cut-out section formed with several notches 
45 that are spaced at equal interval all the way around 
in the circumferential direction. 
[0121] The permanent magnet 42 of the sensor 46 is 
magnetically oriented in the radial direction. Moreover, 
both the inner and outer peripheral surfaces of the per- 
manent magnet 42 are simple cylindrical surfaces. Also, 
a pair of cylindrical stators 43a, 43b are made concentric 
and have one end (left end in Fig. 11) faced, through 
small gap 25b, to the ring section 44, so that this end of 
the stators 43a, 43b and the side surface of the ring sec- 
tion 44 form one pair of opposing sections. 
[0122] With respect to these stators 43a, 43b, the in- 
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ner peripheral surface of the other end (right end in Fig. 
1 1 ) of the stator 43a located on the outside in the radial 
direction, comes in contact with or very close to the outer 
peripheral surface of the permanent magnet 42. Also, 
the outer peripheral surface of the stator 43b located on 
the inside in the radial direction, comes in contact with 
or very close to the inner peripheral surface of the per- 
manent magnet 42. 

[01 23] Moreover, a stationary cutout section made of 
notches 47 is formed on the one end of each of the sta- 
tors 43a, 43b. In other words, there is the same number 
of these notches 47 as there are notches 45 formed in 
the tone wheel 13b, and they have the same pitch as 
same phase alt the way around in the circumferential 
direction. The coil 24 is located between the peripheral 
surfaces of both of the stators 43a, 43b all the way 
around. 

[0124] In this embodiment as well, the density of the 
magnetic flux flowing in the pair of stators 43a, 43b 
changes, and the voltage generated in the coil 24 
changes at a frequency that is proportional to the rpm 
of the rotating wheel. Also, as the tone wheel 1 3b ro- 
tates, the magnetic resistance changes simultaneously 
in the pair of opposing sections, so that the change in 
density of the magnetic flux flowing in the pair of stators 
43a, 43b is large, and it is possible to increase the output 
of the sensor 46. Moreover, using the construction 
shown in Fig. 11, by bending the end of at least one of 
the stators 43a, 43b outward or inward in the radial di- 
rection, it is possible to increase the area where the por- 
tion formed with notches 47 is faced to the ring section 
44. However, if the one end is bent, care must be taken 
that the end edge of the bent portion does not come too 
close to the end edge of the other stator. If it is too close, 
the magnetic flux will flow directly between the pair of 
stators 43a, 43b, and it will not be possible to detect the 
rpm. 

[0125] If the magnetic orientation of the permanent 
magnet that is built into the sensor is not changed 
around the circumference of the sensor, as in this inven- 
tion, it is not only possible to improve the precision of 
detecting the rpm when compared with construction 
where the magnetic orientation changes in the circum- 
ferential direction, but it is also easier to manufacture 
the permanent magnet thus making the cost less expen- 
sive. The reason that it is possible to improve the preci- 
sion of detecting the rpm by not changing the magnetic 
orientation of the permanent magnet in the circumferen- 
tial direction is explained below. 
[0126] If the construction is such that the South and 
North poles alternate in the circumferential direction, it 
is necessary to keep the magnetic flux that flows directly 
between adjacent South and North poles and not 
through the tone wheel small as possible. For example, 
if the ratio (P/T) of the pitch P of alternating South and 
North poles in the circumferential direction and the thick- 
ness T of the small gap between the end face in mag- 
netic orientation of the permanent magnet and the tone 


wheel is made small, a large percent of the magnetic 
flux flows directly between adjacent North and South 
poles. 

[01 27] Fig. 1 2 shows the inventor's test results of the 
s effects of the aforementioned ratio (P/T) on the output 
voltage when using a permanent magnet whose mag- 
netic orientation changes in the circumferential direc- 
tion. In Fig. 12, when the output voltage of the sensor is 
1 .0, the aforementioned ratio (P/T) is 10, and the figure 

10 shows the size of the output when this ratio (P/T) is 
changed. As can be clearly seen from Fig. 1 2, the output 
voltage drops suddenly when the ratio (P/T) is 6.5. 
[0128] The thickness T of the small gap between the 
end face in magnetic orientation of the permanent mag- 

15 net and the tone wheel must be at least 0.6 mm. This is 
to prevent any contact between the sensor and the tone 
wheel regardless of the elastic deformation of the com- 
ponents that occurs when the roller-bearing unit is op- 
erating. Also, the pitch P of alternating South and North 

20 poles on the end face in magnetic orientation of the per- 
manent magnet (equal to the pitch of the notches formed 
on the tone wheel), must be at less 3.9 mm (0.6 mm x 
6.5) in order to obtain sufficient output. 
[0129] If this pitch P is large (3.9 mm or more), it is 

2S not possible to have a large number of North and South 
poles in the circumferential direction, or a large number 
of notches in the tone wheel. If it is not possible to have 
a large number of North or South poles and notches, the 
number of times the output changes per rotation of the 

30 wheel becomes small (the interval between output 
changes becomes large), and it is not possible to accu- 
rately detect the rpm at slow speeds. In other words, the 
precision of the rpm detector becomes low. 
[0130] In contrast to this, if the construction is such 

35 that the magnetic orientation of the permanent magnet 
does not change in the circumferential direction, most 
of the magnetic flux flows through the tone wheel even 
though the pitch of the rotating cut-out section and sta- 
tionary cut-out section is less than 3.9 mm. As a result, 

40 the characteristics differ from those shown in Fig. 12, 
and even if the pitch of the cut-out sections is less than 
3.9 mm, there is no sudden drop in output. Also, it is 
possible to improve the precision for detecting the rpm 
by decreasing the pitch of these cut-out sections. 

45 [0131] In each of the embodiments of the invention 
described above, in order to detect the rpm accurately, 
it is best if the maximum density of the magnetic flux 
flowing from the end of the permanent magnet and 
through the stator and tone wheel be at least 1000 

so Gauss. The reason for this is as follows. The sensor that 
makes up the rpm detector built into the bearing unit is 
exposed to constant external magnetic fields and to the 
residual magnetism of the components of the bearing 
unit. In orderto detect the rpm accurately, it is necessary 

55 to make the effect of these external magnetic fields and 
residual magnetism as small as possible. 
[0132] The errors in pitch of the notches and holes 
formed on the rotating and stationary cutout sections, 
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and the protrusions etc. must be within 1 to 2%. Also, it 
is best if the effects due to external magnetic fields and 
residual magnetism be held within 1 to 2% in order to 
accurately detect the rpm. In regards to this, the normal 
residual magnetism in the inner ring and outer ring of s 
the bearing unit is about 10 Gauss. Therefore, in order 
to keep the effects of this residual magnetism within 1 %, 
it is best if the maximum density of the magnetic flux be 
about 1 000 Gauss. For construction where the magnetic 
orientation of the permanent magnet does not change 10 
in the circumferential direction, there is no real problem 
even if the maximum density of the magnetic flux is 1 000 
Gauss or more. In contrast to this, for construction 
where the North and South poles alternate in the circum- 
ferential direction, if the maximum density of the mag- is 
netic fiux is increased, the percentage of the magnetic 
flux flowing directly between adjacent North and South 
poles becomes large, and the output of the sensor be- 
comes smaller. From this point as well, in order to ac- 
curately detect the rpm, it is best if the magnetic orien- 20 
tation of the permanent magnet does not change in the 
circumferential direction. 

[01 33] Furthermore, in the case of the construction of 
this invention, where a circular-shaped sensor is used 
and the peripheral surface of this sensor is generally 25 
faced to the peripheral surface of the tone wheel, the 
output of the sensor is stable regardless of the displace- 
ment of the sensor with respect to the tone wheel. In 
other words, in the prior art construction where the sen- 
sor is faced to only one part of the tone wheel, the output 30 
of the sensor changed as shown by the dotted line "a" 
in Fig. 13, due to the displacement of the sensor with 
respect to the tone wheel. In contrast to this, when an 
annular or circular-shaped sensor is used, the output of 
the sensor changes as shown by the solid line "b" of the 35 
same figure, due to the displacement of the sensor with 
respect to the tone wheel. As can be clearly seen from 
Fig. 13, in the construction of this invention which uses 
a circular-shaped sensor, it is possible to stabilize the 
output of the sensor The reason for this is that when the 40 
distance between the peripheral surface of the sensor 
and the surface of the tone wheel becomes small in one 
portion it becomes large in another portion, thus there 
are no large effects on the output of the sensor as a 
whole. 45 
[01 34] In all of the embodiments shown in the figures, 
this invention is applied to the bearing units for support- 
ing the non-driven or free wheels (front wheels for FR 
cars, and rear wheels for FF cars), and the cover, which 
supports the sensor, is totally seals the axially inside 50 
end. However, this invention is not limited to use with 
the non-driven wheels, but can also be applied to bear- 
ing units for the driven or driving wheels (rear wheels for 
FR cars and front wheels for FF cars). If this invention 
is applied to bearing units for driven wheels, the cover 55 
is circular shaped and a circular hole is formed in the 
center through which part of the constant velocity joint 
passes. 


[0135] Moreover, the hub is cylindrical shaped and a 
female spline groove is formed on its inner peripheral 
surface that matches the male spline groove on the out- 
er peripheral surface of the drive shaft. 
[0136] Furthermore, this invention can be applied 
even for construction where the inner ring is the station- 
ary ring, and the outer ring is the rotating ring. In this 
case the tone wheel is attached to the outer ring, and 
the sensor is supported by the inner ring. 
[01 37] It should be noted that the present invention is 
not limited to the embodiments as mentioned above. For 
example, in addition to the embodiment of Fig.6 where 
the stator and permanent magnet are matched each 
other in phase, the present invention covers the cases 
where the bobbin is sandwiched by a pair of stators or 
by a pair of permanent magnets to match the pair of sta- 
tors or permanent magnets in phase by the bobbin. 
[0138] The example of the case where the bobbin is 
sandwiched by the pair of stators is not illustrated in the 
drawings, but obtained for example, in Fig.8, replacing 
the permanent magnet 39a, 39b by a pair of stators, and 
replacing the stator 40 by an axially magnetized perma- 
nent magnet with the pair of stators abutted at their one 
end to the both ends of the axially magnetized perma- 
nent magnet. 

[0139] In addition, there are many styles of engage- 
ment between the bobbin and the mating member. For 
example, the bobbin has the both ends formed with a 
projection, such that the projection on one end is formed 
so as to take the lead out of the coil while the mating 
member is formed with a recess to receive the projec- 
tion, or the bobbin has the both ends formed with a re- 
cess. 


Claims 

1. A rolling-bearing unit with rotation speed detection 
device comprising a stationary ring (8) that has an 
axial end and a first peripheral surface formed with 
a stationary raceway (10a) thereon, a cover (18, 
1 8a) attached to the axial end of this stationary ring 
(8), a rotating ring (5) that has an axial end and a 
second peripheral surface opposed to the first pe- 
ripheral surface and formed with a rotating raceway 
(3b) thereon, a plurality of rolling bodies (11) that 
' rotate freely between the stationary raceway (10a) 
and the rotating raceway (3b), an annular magnetic 
tone wheel (1 3; 1 3a, 1 3b) that is attached to the ax- 
ial end of the rotating ring (5) and has a rotating cut- 
out section having cut-outs (17, 17a, 17b) formed 
at equal intervals with a pitch all the way around in 
the circumferential direction and an annular sensor 
(1 0, 20a, 20b, 38, 46) that is supported by the cover 
(18, 18a) so as to face the tone wheel (13, 13a, 13b) 
characterized In that 

the annular sensor (20, 20a, 20b, 38, 46) faces the 
tone wheel (13, 13a, 13b) such that an opposing 
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section is provided between the sensor (20, 20a, 
20b, 38, 46) and the tone wheel (13, 13a, 13b) at 
two axial locations, and that the magnetic resist- 
ance changes at the same time at the opposing sec- 
tion at the two locations as the rotating ring (5) ro- 5 
tates. 

The rolling bearing unit of claim 1 , wherein the tone 
wheel (13, 13a, 13b) has a rotating cylindrical sec- 
tion (14, 14a) that has a surface and is concentric 10 
with the rotating ring (5) and stationary ring (8), such 
that the rotating cut-out section is formed around 
the surface of the rotating cylindrical section (14, 
14a), 

75 

the sensor (20, 20a, 20b, 38, 46) comprising an 
annular permanent magnet (22, 22a, 22b; 39a, 
39b, 42) having a magnetic orientation, an an- 
nular stator (23; 23a, 40, 43a, 43b) made of 
magnetic material and an annular coil (24), 20 

the permanent magnet (22, 22a, 22b; 39a, 39b, 
42) has two end faces in the magnetic orienta- 
tion, such that one of the end faces is formed 
with recesses (31 ) and lands (32) in the circum- 25 
ferential direction, with the same pitch as in the 
rotating cut-out section, 

the end faces of the permanent magnet (22, 
22a, 22b; 39a, 39b, 42) is faced, through a 30 
small gap (25, 25a, 25b), to the rotating cut-out 
section formed on the rotating cylindrical sec- 
tion (14, 14a) so as to form a first opposing sec- 
tion at one of the two locations, 

35 

the stator (23, 23a, 40, 43a, 43b) has two end 
portions, such that one of the end portions 
comes in contact with or comes very close to 
the other end face in the magnetic orientation 
of the permanent magnet (22, 22a, 22b; 39a, 40 
39b, 42), and that a stationary cylindrical sec- 
tion (26, 26a) is formed around the other end 
portion thereof, so that the stationary cylindrical 
section (26, 26a) is concentric with the rotating 
ring (5) and stationary ring (8), and that a sta- 45 
tionary cut-out section is formed on the station- 
ary cylindrical section (26, 26a) and has cut- 
outs (28) with the same pitch as the rotating cut- 
out section, 

so 

the stationary cut-out section faces, through a 
small gap (25, 25a, 25b), the rotating cut-out 
section formed around the rotating cylindrical 
section (1 4, 1 4a) so as to form a second oppos- 
ing section at the other of the two locations, 55 

the recesses (31) on the permanent magnet 
(22, 22a, 22b; 39a, 39b, 42) are faced to the 


cut-outs (17, 17a, 17b) in the rotating cutout 
section at the same instant that the cut-outs 
(28) in the stationary cut-out section are faced 
to those (17, 17a, 17b) in the rotating cutout 
section, and 

the stator (23, 23a, 40, 43a, 43b) has a mid- 
section around which the coil (24) is located all 
the way. 

3. The rolling-bearing unit of claim 1 , wherein the sen- 
sor (38) comprises a pair of circular-shaped perma- 
nent magnets (39a, 39b) that are magnetically ori- 
ented in opposite directions to have two end faces 
in magnetic orientation and that are concentric with 
the rotating ring (5), a magnetic stator (40) that has 
ends placed in magnetic conduction with one of the 
end faces in magnetic orientation of the pair of per- 
manent magnets (39a, 39b) and a mid-section be : 
tween the ends, and a coil (24) which is positioned 
on the mid-section of the stator (40) between the 
pair of permanent magnets (39a, 39b), 

and the other end in magnetic orientation of the 
pair of permanent magnets (39a, 39b) has dif- 
ferent poles and formed with recesses (31 ) and 
lands (32) with the same pitch as in the rotating 
cut-out section, which are faced to the rotating 
cut-out section of the tone wheel (13) through 
a small gap (25), so as to form a pair of the op- 
posing sections, such that the recesses (31) 
and lands (32) formed on the other ends in 
magnetic orientation of the permanent magnets 
(39a, 39b) are the same as each other in phase 
with reference to the rotating cut-out section. 

4. The rolling-bearing unit of claim 1 , wherein the tone 
wheel (13b) has a flange-shaped circular section 
(44), on the surface of which the rotating cutout 
section is formed, 

the sensor (46) comprises a circular-shaped 
permanent magnet (42) having two end faces 
in magnetic orientation, a pair of stators (43a, 
43b) made of magnetic material and having two 
ends, and a coil (24), 

a stationary cut-out section is formed around 
one of the ends of each stator (43a, 43b) with 
the same pitch as in the rotating cutout section, 
such that the one end of each of the stators 
(43a, 43b) is faced to the rotating cutout sec- 
tion formed in the circular section (44) of the 
tone wheel (1 3b) through a small gap (25b), so 
as to form a pair of the opposing sections, 

the other end of one of the stators (43a, 43b) 
comes in contact with or is very close to one of 
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5. 


7. 


9. 


the end faces in magnetic orientation of the per- 
manent magnet (42), while the other end of the 
other stator (43a, 43b) comes in contact with or 
is very close to the other end face of the per- 
manent magnet (42), 

the stationary cut-out section formed on the 
one end of the stators (43a, 43b) is faced to the 
rotating cut-out section at the same moment 
that the stationary cut-out section formed on 
the one end of the other stator (43a, 43b) faces 
the rotating cut-out section, and 

the coil (24) is located between the pair of sta- 
tors (43a, 43b) generally circumferentially. 

The rolling bearing unit of anyone of claims 1 to 4, 
wherein the pitch of the cut-outs (17, 17a, 17b; 28) 
in the stationary and rotating cut-out sections is up 
to 3.9 mm. 

The rolling bearing unit of anyone of claims 1 to 5, 
wherein the magnetic flux flowing from one end face 
in magnetic orientation of the permanent magnet 
(22, 22a, 22b; 39a, 39b, 42) to the stator (23, 23a, 
40, 43a, 43b) and tone wheel (13, 13a, 13b) has a 
maximum density over 1000 Gauss. 

The rolling bearing unit of anyone of claims 1 to 6, 
wherein the cut-outs (17, 17a, 17b) in the rotating 
cut-out section of the tone wheel (13, 13a, 13b) are 
formed in the shape of through-holes or notches by 
punching press process and in a pair of rows 
spaced apart in an axial direction. 

The rolling bearing unit of anyone of claims 1 to 7, 
wherein an annular mass of synthetic resin* (21, 
21a) is provided to have the sensor (20, 20a, 20b, 
38, 46) embedded therein and the cover (18, 18a) 
has a bottom plate portion which is formed with a 
projection in a bottomed cylindrical shape, so that 
the annular mass of synthetic resin (21, 21a) is fitted 
onto and supported by the projection of the cover 
(18, 18a). 

The rolling bearing unit of claims 1 to 8, wherein the 
annular sensor (20, 20a, 20b, 38, 46) has an annu- 
lar coil (24) provided between the stators (23, 23a, 
40, 43a, 43b) or permanent magnets (22, 22a, 22b; 
39a, 39b, 42) and comprising an annular bobbin 
(29, 29a) and a conductive wire wound around the 
bobbin (29, 29a), 

the bobbin (29, 29a) has both ends which are 
engaged in a concave and convex relationship 
with the stators (23, 23a, 40, 43, 43b) or per- 
manent magnets (22, 22a, 22b; 39a, 39b, 42), 
so that the stators (23, 23a, 40, 43a t 43b) or 


permanent magnets (22, 22a, 22b; 39a, 39b, 
42) on the both sides of the coil (24) are con- 
trolled in phase. 

1 0. The rolling bearing unit of claim 3, wherein the stator 
(40) is formed in a cylindrical shape, and has an ax- 
ial end portion projected axially toward the bottom 
plate portion of the cover (18). 


Patentanspruche 

1. Eine Walzlagereinheit mit einer Rotationsge- 
schwindigkeits-Detektionsvorrichtung, umfassend 
einen Stationaren Ring (8), der ein axiales Ende 
und eine erste Umfangsflache besitzt, auf der ein 
stationarer Laufring (10a) ausgebildet ist; eine Ab- 
deckung (1 8, 18a), die an dem axialen Ende dieses 
stationaren Rings (8) befestigt ist; einen rotieren- 
den Ring (5), der ein axiales Ende und eine der er- 
sten Umfangsflache gegenuberliegende zweite 
Umfangsflache besitzt und auf dem ein rotierender 
Laufring (3b) ausgebildet ist; eine Vlelzahl von 
Walzkdrpern (11), die frei zwischen dem stationa- 
ren Laufring (10a) und dem rotierenden Laufring 
(3b) rotieren; ein ringfdrmiges magnetisches Unter- 
brecherrad (13; 13a, 13b) [Anm.: tone wheel], das 
an dem axialen Ende des rotierenden Rings (5) be- 
festigt ist und einen rotierenden ausgeschnittenen 
Abschnitt mit Ausschnitten (17, 17a, 17b) besitzt, 
die in regelmaBigen Abstanden und mit einer Tei- 
lung Oberden gesamten Weg urn die Umfangsrich- 
tung herum ausgebildet sind; und einen ringformi- 
gen Sensor (10, 20a, 20b, 38, 46), der durch die 
Abdeckung (18, 18a) gehalten und dem Unterbre- 
cherrad (13, 13a, 13b) zugewandt ist, 
dadurch gekennzelchnet, daft 

der ringformige Sensor (20, 20a, 20b, 38, 46) 
dein Unterbrecherrad (13, 13a, 13b) zuge- 
wandt ist, so daB ein gegenuberliegender Ab- 
schnitt zwischen dem Sensor (20, 20a, 20b, 38, 
46) und dem Unterbrecherrad (13, 13a, 13b) an 
zwei axialen Stellen vorgesehen ist, und daB 
sich der magnetische Widerstand an dem ge- 
genuberliegenden Abschnitt an den zwei Stel- 
len gleichzeitig mit der Rotation des rotieren- 
den Ringes (5) verandert. 


so 2. Walzlagereinheit nach Anspruch 1 , worin 


das Unterbrecherrad (13, 13a, 13b) einen ro- 
tierenden zylindrischen Abschnitt (14, 14a) be- 
sitzt, der eine Oberflache aufweist und konzen- 
trisch zu dem rotierenden Ring (5) und dem 
Stationaren Ring (8) angeordnet ist, so daB der 
rotierende ausgeschnittene Abschnitt urn die 
Oberflache des rotierenden zylindrischen Ab- 
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schnittes (14, 14a) herum geformt ist, 

der Sensor (20, 20a, 20b, 38, 46) einen ringfor- 
migen Permanentmagneten (22, 22a, 22b; 
39a, 39b, 42) umfaGt, der eine magnetische s 
Orientierung, einen aus einem magnetischen 
Material hergestellten ringformigen Stator (23; 
23a, 40, 43a, 43b) und eine ringformige Spule 
(24) besilzt, 

10 

der Permanentmagnet (22, 22a, 22b; 39a, 39b, 3. 
42) in der magnetischen Orientierung zwei 
Stirnflachen besitzt, so daft eine der Stirnfla- 
chen in der Umfangsrichtung mit Aussparun- 
gen (31) und Stegen (32) versehen ist, und is 
zwar mit der gleichen Teilung wie in dem rotie- 
renden ausgeschnittenen Abschnitt, 

die Stirnflachen des Permanentmagneten (22, 
22a, 22b; 39a, 39b, 42) uber einen kleinen 20 
Spalt (25, 25a, 25b) zu dem auf dem rotieren- 
den zylindrischen Abschnitt (14, 14a) ausgebil- 
deten rotierenden, ausgeschnittenen Abschnitt 
gewandt sind, urn an einer der beiden Stellen 
einen ersten gegenuberliegenden Abschnitt zu 25 
bilden, 

der Stator (23, 23a, 40, 43a, 43b) zwei Endab- 
schnitte aufweist, so daG einer der Endab- 
schnitte in der magnetischen Orientierung des so 
Permanentmagneten (22, 22a, 22b; 39a, 39b, 
42) in Kontakt mit der anderen Stirnflache oder 
dieser sehr nahe kommt, und daG ein stationa- 
rer zylindrischer Abschnitt (26, 26a) urn den an- 
deren Endabschnitt des Stators herum ausge- 35 
bildet ist, so daG der stationare zylindrische Ab- 
schnitt (26, 26a) konzentrisch zu dem rotieren- 
den Ring (5) und dem stationaren Ring (8) an- 
geordnet ist, und daG ein stationarer ausge- 
schnittener Abschnitt auf dem stationaren zy- 40 
lindrischen Abschnitt (26, 26a) ausgebildet ist 
und Ausschnitte (28) mit der gleichen Teilung 
wie der rotierende ausgeschnittene Abschnitt 
besitzt, 

45 

der stationare ausgeschnittene Abschnitt uber 4. 
einen kleinen Spalt (25, 25a, 25b) dem urn den 
rotierenden zylindrischen Abschnitt (14, 14a) 
herum ausgebildeten rotierenden, ausge- 
schnittenen Abschnitt zugewandt ist, um an der so 
anderen der zwei Stellen einen zweiten gegen- 
uberliegenden Abschnitt zu bilden, 

die auf dem Permanentmagnet (22, 22a, 22b; 
39a, 39b, 42) befindlichen Aussparungen (31) ss 
zu dem gleichen Augenblick den in dem rotie- 
renden ausgeschnittenen Abschnitt befindli- 
chen Ausschnitt(17, 17a, 17b) zugewandt sind, 


wie die in dem Stationaren ausgeschnittenen 
Abschnitt befindlichen Ausschnitte (28) den in 
dem rotierenden ausgeschnittenen Abschnitt 
befindlichen Ausschnitten (17, 17a, 17b) zuge- 
wandt sind, und 

der Stator (23, 23a, 40, 43a, 43b) einen mittle- 
ren Abschnitt besitzt, um den vollstandig herum 
sich die Spule (24) befindet. 

Walzlagereinheit nach Anspruch 1, worin 

der Sensor (38) umfaGt: ein Paar von kreisfor- 
migen Permanentmagneten (39a, 39b), die 
magnetisch in entgegengesetzten Richtungen 
orientiert sind, um zwei Stirnflachen in magne- 
tischer Orientierung aufzuweisen, und die kon- 
zentrisch zu dem rotierenden Ring (5) angeord- 
net sind; einen magnetischen Stator (40), der 
Enden besitzt, die in magnetischer Orientie- 
rung des Paares von Permanentmagneten 
(39a, 39b) magnetisch leitend an einer der 
Stirnseiten angeordnet sind, und einen zwi- 
schen den Enden befindlichen mittleren Ab- 
schnitt; und eine Spule (24), die auf dem mitt- 
leren Abschnitt des Stators (40) zwischen dein 
Paar von Permanentmagneten (39a, 39b) po- 
sitioniert ist; und 

das andere Ende in magnetischer Orientierung 
des Paares von Permanentmagneten (39a, 
39b) unterschiedliche Pole besitzt und mit der 
gleichen Teilung wie in dem rotierenden ausge- 
schnittenen Abschnitt mit Vorsprungen (31) 
und Stegen (32) versehen ist, welche uber ei- 
nen schmalen Spalt (25) zu dem rotierenden 
ausgeschnittenen Abschnitt des Unterbrecher- 
rades(13) weisen, umein Paar von gegenuber- 
liegenden Abschnitten zu bilden, so daG die in 
magnetischer Orientierung der Permanentma- 
gneten (39a, 39b) auf den anderen Enden aus- 
gebildeten VorsprOnge (31) und Stege (32) in 
bezug auf den rotierenden ausgeschnittenen 
Abschnitt die gleiche Phase haben. 

Walzlagereinheit nach Anspruch 1 , worin 

das Unterbrecherrad (13b) einen flanschfdrmi- 
gen, ringformigen Abschnitt (44) besitzt, auf 
dessen Oberflache der rotierende ausgeschnit- 
tene Abschnitt ausgebildet ist, 

der Sensor (46) einen kreisfdrmigen Perma- 
nentmagneten (42), der in magnetischer Orien- 
tierung zwei Stirnseiten besitzt, ein Paar von 
Statoren (43a, 43b), die aus einem magneti- 
schen Material hergestellt sind und zwei Enden 
besitzen, und eine Spule (24) umfaGt, 
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ein stationarer ausgeschnittener Abschnitt mit 
der gleichen Teilung wie in dem rotierenden 
ausgeschnittenen Abschnitt urn eines der En- 
den eines jeden Stators (43a, 43b) herum aus- 
gebildet ist, so daft das eine Ende eines jeden s 
der Statoren (43a, 43b) uber einen schmaten 
Spalt (25b) zu dem rotierenden ausgeschnitte- 
nen Abschnitt weist, der in dem kreisfdrmigen 
Abschnitt (44) des Unterbrecherrades (13b) 
ausgebildet ist, urn ein Paar der gegenuberlie- 10 
genden Abschnitte zu formen, 

das andere Ende von einem der Statoren (43a, 
43b) in magnetischer Orientierung des Perma- 
nentmagneten (42) in Kontakt mit einer der is 
Stirnflachen oder dieser sehr nahe kommt, 
wahrend das andere Ende des anderen Stators 
(43a, 43b) in Kontakt mit der anderen Stirnseite 
des Permanentmagneten (42) oder dieser sehr 
nahe kommt, 20 

der auf dem einen Ende der Statoren (43a, 43b) 
ausgebildete stationare ausgeschnittene Ab- 
schnitt in demselben Moment dem rotierenden 
ausgeschnittenen Abschnitt zugewandt ist, in 25 
dem der auf dem einen Ende des anderen En- 
de des Stators (43a, 43b) ausgebildete statio- 
nare ausgeschnittene Abschnitt dem rotieren- 
den ausgeschnittenen Abschnitt zugewandt ist, 
und 30 

sich die Spute (24) im allgemeinen in Umfangs- 
richtung zwischen dem Paar von Statoren (43a, 
43b) befindet. 

35 

5. Walzlagereinheit nach einem beliebigen der An- 
spruche 1 bis 4, worin die Teilung der in dem statio- 
naren und dem rotierenden ausgeschnittenen Ab- 
schnitt befindlichen Ausschnitte (17, 17a, 17b; 28) 

bis zu 3,9 mm betragt. 40 

6. Walzlagereinheit nach einem beliebigen der An- 
spruche 1 bis 5 t worin der magnetische FluG, der 
von einer Stirnseite in magnetischer Orientierung 
des Permanentmagneten (22, 22a, 22b; 39a, 39b, 45 
42) zu dem Stator (23, 23a, 40, 43a, 43b) und dem 
Unterbrecherrad (1 3, 1 3a, 1 3b) flieGt, eine maxima- 

le Dichte von uber 1000 Gauss besitzt. 

7. Walzlagereinheit nach einem beliebigen der An- so 
spruche 1 bis 6, worin die in dem rotierenden aus- 
geschnittenen Abschnitt des Unterbrecherrades 
(13, 13a, 13b) befindlichen Ausschnitte (17, 17a, 
17b) in der Form von durch ein Lochstanzverfahren 
hergestellte Durchgangslochern oder Kerben und ss 
in einem Paar von in einer Axialrichtung voneinan- 
der beabstandeten Reihen geformt sind. 


8. Walzlagereinheit nach einem beliebigen der An- 
spruche 1 bis 7, worin eine ringformige Masse eines 
synthetischen Harzes (21 , 21a) vorgesehen ist, urn 
den Sensor (20, 20a, 20b, 38, 46) darin einzubet- 
ten, und worin die Abdeckung (18, 18a) einen Bo- 
denplattenabschnitt besitzt, an dem ein Vorsprung 
mit einer bodenformigen zylindrischen Gestalt aus- 
gebildet ist, so daft die ringformige Masse des syn- 
thetischen Harzes (21, 21a) auf den Vorsprung der 
Abdeckung (1 8, 18a) angebracht und durch diesen 
gehalten ist. 

9. Walzlagereinheit nach Anspruchen 1 bis 8, worin 
der ringformige Sensor (20, 20a, 20b, 38, 46) eine 
ringformige Spule (24) besitzt, die zwischen den 
Statoren (23, 23a, 40, 43a, 43b) oder den Perma- 
nentmagneten (22, 22a, 22b; 39a, 39b, 42) vorge- 
sehen ist und einen ringfdrmigen Spulenkorper (29, 
29a) und einen leitenden Draht umfaBt, der urn den 
Spulenkorper (29, 29a) herumgewickelt ist, 

der Spulenkorper (29, 29a) zwei Enden besitzt, 
die in einer konkaven und konvexen Beziehung 
mit den Statoren (23, 23a, 40, 43a, 43b) stehen 
oder die mit den Permanentmagneten (22, 22a, 
22b; 39a, 39b, 42) in Eingriff stehen, so daft die 
Statoren (23, 23a, 40, 43a, 43b) oder die Per- 
manentmagneten (22, 22a, 22b; 39a, 39b, 42) 
auf den beiden Seiten der Spule (24) in Phase 
kon troll iert sind. 

10. Walzlagereinheit nach Anspruch 3, worin der Stator 
(40) eine zylindrische Form besitzt und einen axia- 
len Endabschnitt aufweist, der in Richtung zu dem 
Bodenplattenabschnitt der Abdeckung (18) axial 
hervorsteht. 


Revendlcations 

1 . Ensemble de roulement avec dispositif de defection 
de Vitesse de rotation comprenant une bague fixe 
(8) qui comporte une extr6mit6 axiale et une pre- 
miere surface p§riph6rique formee avec un chemin 
de roulement a bille fixe (10a) sur sa surface, un 
couvercle (1 8, 1 8a) f ix6 sur I'extrdmite* axiale de cet- 
te bague fixe (8), une bague rotative (5) qui com- 
porte une 8xtr6mite axiale et une seconde surface 
p6riph6rique opposed a la premiere surface p6ri- 
pherique et formed avec un chemin de roulement a 
bille rotatif (3b) sur sa surface, une plurality de 
corps de roulement (1 1 ) qui tournent librement entre 
le chemin de roulement a bille fixe (10a) et le che- 
min de roulement a bille rotatif (3b) t un 6metteur a 
interruption p6riodique magnetique annulaire (13; 
1 3a, 1 3b) qui est fixe sur I'ext remit© axiale de la ba- 
gue rotative (5) et comporte une section de decou- 
pe rotative comportant des decoupes (1 7, 1 7a, 1 7b) 
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formers k des intervaltes 6gaux avec un pas sur 
tout le trajet qui entoure la direction circonfdrentielle 
et un capteur annulaire (10, 20a, 20b, 38, 46) qui 
est supports par un couvercle (18, 1 8a) de maniere 
k etre opposd k l'6metteur k interruption p6riodique s 
(13; 13a, 13b) 
caracterise en ce que 

le capteur annulaire (20, 20a, 20b, 38, 46) est 
en regard I'dmetteur k interruption pdriodique 10 
(13 ; 1 3a, 1 3b) de telle maniere qu'une section 
opposed soit form6e entre le capteur annulaire 
(20, 20a, 20b, 38, 46) et I'Smetteur k interrup- 
tion p6riodique (13; 13a, 13b) k deux empla- 
cements axiaux et que la resistance magn6ti- is 
que change en mdme temps k la section oppo- 
sed, au niveau des deux emplacements, k me- 
sure que la bague rotative (5) tourne. 

Ensemble de roulement selon la revendication 1, 20 
dans lequel I'Smetteur k interruption pdriodique 
(13; 13a, 13b) comprend une section cylindrique 
rotative (14, 14a) qui comporte une surface et est 
concentrique avec la bague rotative (5) et la bague 
fixe (8), de telle maniere que la section de ddcoupe 25 
rotative soit form6e autour de la surface de la sec- 
tion cylindrique rotative (14, 14a), 

le capteur (20, 20a, 20b, 38, 46) comprenant 
un aimant permanent annulaire (22, 22a, 22b; 30 
39a, 39b, 42) ayant une orientation magn6ti- 3. 
que, un stator annulaire (23, 23a, 40, 43a, 43b) 
constitu6 d'un matdriau magn6tique et d'un bo- 
binage annulaire (24), 

35 

I'aimant permanent (22, 22a, 22b; 39a, 39b, 42) 
comporte deux faces d'extrdmite' dans I'orien- 
tation magnStique, de telle maniere que Tune 
des deux faces d'extr6mit6 soit form6e avec 
des dvidements (31 ) et des zones (32) dans la 40 
direction circonterentielle avec le meme pas 
que dans la section de ddcoupe rotative, 

les faces d'extrSmite de I'aimant permanent 
(22, 22a, 22b; 39a, 39b, 42) sont disposees en 45 
regard, k travers un petit entrefer (25, 25a, 
25b), de la section de ddcoupe rotative formde 
sur la section cylindrique rotative (14, 14a) de 
maniere k former une premiere section oppo- 
sed au niveau de Tun des deux emplacements, so 

le stator (23, 23a, 40, 43a, 43b) comporte deux 
parties d'extremite\ de telle maniere que Tune 
des parties d'extrSmite" vienne en contact avec, 
ou vienne tres pres, de I'autre face d'extrdmite ss 
dans I'orientation magn6tique de I'aimant per- 
manent (22, 22a, 22b; 39a, 39b, 42) et qu'une 
section cylindrique fixe (26, 26a) sort form«§e 


autour de I'autre partie d'extr6mit6 de celui-ci, 
de sorte que la section cylindrique fixe (26, 26a) 
sort concentrique avec la bague rotative (5) et 
la bague fixe (8), et qu'une section de decoupe 
rotative soit formed sur la section cylindrique 
fixe (26, 26a) et comporte des ddcoupes (28) 
ayant le mdme pas que la section de decoupe 
rotative, 

la section de dScoupe fixe est disposed en re- 
gard, k travers un petit entrefer (25, 25a, 25b) 
de la section ded6coupe rotative form 6e autour 
de la section cylindrique rotative (14, 14a) de 
maniere k former une seconde section oppo- 
sed au niveau de I'autre des deux emplace- 
ments, 

les evidements (31) sur I'aimant permanent 
(22, 22a, 22b; 39a, 39b, 42) sont disposes en 
regard des ddcoupes (17, 17a, 17b) dans la 
section de ddcoupe rotative au mdme instant 
ou les d6coupes (28) dans la section de decou- 
pe fixe sont disposers en regard de celles (17, 
17a, 17b) formers dans la section de ddcoupe 
rotative , et 

le stator (23, 23a, 40, 43a, 43b) comporte une 
section mddiane autour de laquelle le bobinage 
(24) est situe" sur tout son trajet. 

Ensemble de roulement selon la revendication 1, 
dans lequel le capteur (38) comprend une paire 
d'aimants permanents de forme circulaire (39a, 
39b) qui sont orientes magn&iquement dans des 
directions opposdes pour avoir deux faces d'extr6- 
mite* en orientation magndtique et qui sont concen- 
triques avec la bague rotative (5), un stator magnS- 
tique (40) qui a ses extrdmitds placets en conduc- 
tion magnStique avec Tune des faces d'extrSmitd en 
orientation magn&ique de la paire d'aimants ma- 
gn6tiques (39a, 39b) et une section mddiane entre 
les extrdmitds, et un bobinage (24) qui est position- 
ne" sur la section mSdiane du stator (40) entre la pai- 
re d'aimants permanents (39a, 39b), 

et I'autre extr6mit6 en orientation magn&ique 
de la paire d'aimants permanents (39a, 39b) 
comporte d iff 6 rents pdles et est form6e avec 
des Svidements (31 ) et des zones (32) ayant le 
m§me pas que dans la section de dScoupe ro- 
tative, qui sont disposes en regard de la section 
de d6coupe rotative de l'6metteur & interruption 
penodique (13) k travers un petit entrefer (25) 
de maniere k former une paire de sections op- 
poses, de telle maniere que les dvidements 
(31 ) et zones (32) formers sur les autres extr6- 
mit6s en orientation magnStique des aimants 
permanents (39a, 39b) soient la mdme que 
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('autre en phase par rapport a la section de de- 
coupe rotative. 

4. Ensemble de roulement selon la revendication 1, 
dans lequel l'6metteur a interruption periodique ma- s 
gnetique (1 3b) comprend une section circulate en 
forme de bride (44) sur la surface de laquelle est 
form6e la section de ddcoupe rotative, 

le capteur (46) comprend un aimant permanent 10 
de forme circulaire (42) comportant deux faces 
d'extremite en orientation magnetique, une pai- 
re de stators (43a, 43b) constitues d'un mate- 
riau magnetique et possSdant deux extremes, 
et un bobinage (24), 75 

une section de decoupe fixe est form6e autour 
de I'une des extremites de chaque stator (43a, 
43b) avec le mdme pas que dans la section de 
decoupe rotative, de telle maniere que la pre- 20 
miere extr6mit6 de chacun des stators (43a, 
43b) soit disposed en regard de la section de 
decoupe rotative form6e dans la section circu- 
laire (44) de l'6metteur a interruption periodique 
(13b) a travers un petit entrefer (25b), de ma- 25 
niere a former une paire de sections oppos^es, 

I'autre extremity de I'un des stators (43a, 43b) 
vient en contact avec, ou est tres pres, de I'une 
des faces d'extremite de I'aimant permanent 30 
(42), tandis que I'autre extremit6 de I'autre sta- 
tor (43a,43b) vient en contact avec ou est tres 
pres de I'autre face de I'aimant permanent (42), 

la section de d6coupe fixe form6e sur la pre- 35 
miere extrSmite des stators (43a, 43b) est dis- 
posee en regard de la section de decoupe ro- 
tative au mdme moment ou la section de de- 
coupe fixe formee sur la premiere extr6mite de 
I'autre stator (43a, 43b) est disposed en regard 40 
de la section de decoupe rotative, et 

le bobinage (24) est situe entre la paire de sta- 
tors (43a, 43b) de maniere g6n6ralement cir- 
conterentielle. 45 


Gauss. 

7. Ensemble de roulement selon I'une quelconque des 
revendications 1 a 6, dans lequel les decoupes (17, 
17a, 17b) dans la section de d6coupe rotative de 
I'Smetteur a interruption periodique (13 ; 13a, 13b) 
sont r6alis6es sous la forme de trous traversants, 
ou d'encoches, par un proced6 de poinconnage par 
presse et en une paire de rangees separ6es dans 
une direction axiale. 

8. Ensemble de roulement selon I'une quelconque des 
revendications 1 a 7, dans lequel une masse annu- 
lare de resine synth6tique (21, 21a) est prevue 
pour que le capteur (1 0, 20a, 20b, 38, 46) y soit en- 
terra et dans lequel le couvercle (18, 18a) com- 
prend une partie de plaque interieure qui est formed 
avec une saillie dans une forme cylindrique pourvue 
d'un fond de sorte que la masse annulaire de r6sine 
synth6tique (21,21a) soit ajustee sur, et supportee 
par, la saillie du couvercle (18, 18a). 

9. Ensemble de roulement selon i'une quelconque des 
revendications 1 a 8, dans lequel le capteur annu- 
laire (20, 20a, 20b, 38, 46) comporte un bobinage 
annulaire (24) dispose entre les stators (23, 23a, 
40, 43a, 43b) ou les aimants permanents (22, 22a, 
22b; 39a, 39b, 42) et comprenant une bobine an- 
nulaire (29, 29a) et un cable conducteur enroul6 
autour de la bobine (29, 29a), la bobine (29, 29a) a 
les deux extr6mit6s qui sont engagees dans une re- 
lation concave convexe avec les stators (23, 23a, 
40, 43a, 43b) ou les aimants permanents (22, 22a, 
22b; 39a, 39b, 42) de sorte que les stators (23, 23a, 
40, 43a, 43b) ou les aimants permanents (22, 22a, 
22b; 39a, 39b, 42) sur les deux cotes du bobinage 
(24) soient a phase commanded. 

10. Ensemble de roulement selon la revendication 3, 
dans lequel le stator (40) est dote d'une forme cy- 
lindrique et comporte une partie d'extr^mite axiale 
dSpassant axialement vers la partie de plaque inf6- 
rieure du couvercle (18). 


5. Ensemble de roulement selon I'une quelconque des 
revendications 1 a 4, dans lequel le pas des d6cou- 
pes (17, 17a, 17b ; 28) dans les sections de decou- 
pes rotative et fixe atteint jusqu'a 3,9mm. so 

6. Ensemble de roulement selon I'une quelconque des 
revendications 1 a 5, dans lequel le flux magnetique 
s'ecoulant d'une face d'extremit6 dans I'orientation 
magn6tique de I'aimant permanent (22, 22a, 22b; 55 
39a, 39b, 42) vers le stator (23, 23a, 40, 43a, 43b) 

et f'6metteur a interruption periodique (13; 13a, 
13b)a une densitd maximale de plus de 1000 
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Fig. 1 
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Fig. 2 
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Fig. 3 (A) 
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Fig. 4 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 (B) 
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Fig. 10 
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Fig. 13 
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Fig. 14 
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